
“Activity” implies there is an active time and a quiet time. 
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The coronal mass ejections from the Sun, with velocities up to 2000 km/s, give 
raise to shock-waves in the solar wind. The related pressure pulses, when 
impinging the Earth's magnetosphere, both compress it and increase the 
magnetopause current. This leads into a few tens of nT intensifications in the 
low-latitude ground-based magnetic field intensity, lasting typically for some 
tens of minutes. These signatures are called Sudden Storm Commencements 
(SSC) or Sudden Impulses (SI), depending whether a magnetospheric storm 
is initiated or not. 
 
Storms, the main contributors to space weather, are initiated when enhanced 
energy transfer from the solar wind/IMF into the magnetosphere leads into 
intensification of ring current. The ring current development can be monitored 
with the Dst index. 
 
DST index: At such latitudes the H (northward) component of the magnetic 
perturbation is dominated by the intensity of the magnetospheric ring current. 
Dst index is a direct measure of the hourly average of this perturbation. 
The increased dayside reconnection increases the penetration of the solar 
wind into the magnetosphere. 

The enhanced duskward electric field 
increases the number of particles injected into  
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timescale of ~1-3 hours 
Doesn’t need CME. 
Period of long southward Bz, Northward turning of Bz suggested trigger. 
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Figure 2. IMAGE Magnetometer chain. Figure 2 (a)-(c) demonstrate the x-, 
z-, and y-component of the magnetic field observed by six stations in 
Norway during the time surrounding the 18:12 substorm. The black 
vertical line in (a) and (c) marks the onset of the previous substorm 
simultaneously observed at all stations, implying the signature is more 
global, and the substorm is located further away. The red vertical lines 
mark the onset of the event we study at each individual station. 
Evidenced from the delayed onset times, we find the current propagates 
poleward from BJO to just north of HOR. (b) demonstrates this fact as 
the z-negative bay implies a current system to the north while a z-
positive bay implies the system is to the south. The red horizontal line 
marks zero. (d) illustrates the locations of the different stations (the six 
northernmost). 
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These disturbances in the H-component of the magnetic field are recorded into 
a series of indices. 
A superposition of these data from all the stations enables a lower bound or 
maximum negative excursion of the H component to be determined; this is 
called the AL index. Similarly, an upper bound or maximum positive excursion 
in H is determined; this is called the AU index. The difference between these 
two indices, AU-AL, is called the AE index. Notice that negative H 
perturbations occur when stations are under an westward-flowing current. 
Thus the indices AU and AL give some measure of the individual strengths of 
eastward and westward electrojets, while AE provides a measure of the overall 
horizontal current strength.  
 
Kp index is a mid-latitudes. Measure of field-aligned currents flowing into and 
out of the auroral oval, primarily associated with SCW. 
Site dependent. 
Log scale. 
Weighted average of mid-lat stations 
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Geosynchronous spacecraft observe repeatable signatures during the 
substorm cycle. As magnetospheric magnetic field lines stretch during the 
substorm growth phase, spacecraft on the nightside may leave the radiation 
belts and enter the magnetotail lobes. Particle fluxes diminish over a period 
ranging from 30 min to 1 hour.  
At substorm onset, the magnetic field lines collapse into a dipolar configuration 
and spacecraft on the nightside return to the particle rich radiation belts within 
a period of minutes. The clouds of injected particles drift around the Earth to 
form the radiation belts. After a sufficient time, which depends upon particle 
energy, the injected particles can be observed drifting through the dayside 
magnetosphere.  
The LANL plot for energetic electrons observed by spacecraft 1990-095 on 
March 10, 1998 presents a clear growth phase signature from 0600 UT, 
ending in an onset at 0900 UT.  
In these plots different panels correspond to different spacecraft. The different 
curves represent differential fluxes in different energy bands. The exact 
energies measured by the different spacecraft vary, but are within the 50-600 
keV range.  
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occur during storms when the ring current is enhanced and are driven by 
moderate (Bz ] 10 nT) and steadily southward IMF conditions. The oscillations 
have been termed ‘sawtooth events’ because their shape – a series of slow 
flux decreases followed by rapid increases – resemble the teeth of a saw 
blade. The ‘sawtooth’ shape is particularly well-defined in the high energy 
proton channels 
 
Dynamic pressure increases occur at all MLTs 
Repetivie ss under strong driving? 
Large substorms driven internally by Msph with periodicity of 3 hours 
Is it really periodic? How is it driven internally? Are they  
Still a dychotomy. Only studied with LANL (geosynch.)  
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The left panel displays how this magnetic field is measured on the Earth 
at the magnetic latitude of Los Angeles. 
The axial field at a station Bi is projected onto the local tangent plane. 
We measure the Hi component and convert it to the equivalent axial 
field Bi. 
Note the cos(maglat) in the denominator. 
This correction only applies to the ring current.  Other current systems 
produce magnetic perturbations that do not necessarily obey this rule. 
The right panel shows the details of the coordinate system used to 
measure magnetic fields. X, Y, Z is a local geographic Cartesian system 
with X north, Y east, and Z down. H is the projection of the 
instantaneous magnetic field vector F into the local horizontal plane. D 
is the angle the projection H makes with the X (geographic north) axis. 
The angle I is the inclination of the field F below (north hemisphere) the 
tangent plane. 
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